Introduction
In the eastern part of Central India insect-pests is one of the major limiting factors influencing oilseed production especially mustard yield. About three-dozen insect-pests have been found infesting mustard crop in India [12] . On the basis of economic importance mustard aphids are considered to be the key pests, out of three species of aphids namely Lipaphis erysimi Kalt., Myzus persicae Sulzer and Brevicoryne brassicae Linn., the first one is the most serious, cosmopolitan and has attained the importance of national pest and causes yield loss from 35.4 to 91.3% [4, 21] . The peak activity of pest is observed between January and March in different locations. This variation in the incidence is largely governed by weather parameters. Under the hypothesis of integrated pest management, alteration in sowing time provides wider opportunity to minimize the APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 2( [2, 20, 22] . In eastern part of Central India i.e. Chhattisgarh State (Figure 1 ) mustard is widely grown under irrigated conditions in rice based cropping system. The productivity of mustard in this state is far below as compared to National average, as the sowing is often delayed due to late harvesting of rice crop and thereby field preparation for sowing. Apart from the delayed sowing the winter span in Chhattisgarh State is also shorter as compared to traditional mustard growing Northern India. The information pertaining to the extent of losses due to key pest of mustard is very meagre in this region. In view of this the present investigation was undertaken to assess the yield losses due to mustard aphid under different thermal environments.
M Ma at te er ri ia al ls s a an nd d M Me et th ho od ds s A field experiment was conducted for 3 years during the winter seasons of 1995-96, 1996-97 and 1997-98 at Regional Agriculture Research Station, Indira Gandhi Agricultural University, Raigarh. The investigation was aimed to assess the losses in yield due to aphids under different thermal environments. Two separate experiments were laid out in randomised block design with four replications. The crop was sown at five dates representing five thermal environments i.e. November 08, 18, 28 and December 08 and 18 in each year under protected and unprotected conditions. The soil of the experimental site was sandy loam in texture representing the 40 per cent area in the state. The average initial nutrient status of the soil was low in available N (230.1 kg/ha) and P (10.7 kg/ha) and medium in K (342.0 kg/ha) with pH 6.9. A fertilizer dose of 80 kg N, 21.8 kg P and 24.9 kg K/ha was given to all the treatments uniformly. Half of N and entire quantity of P and K were applied at the time of sowing, remaining N was given after 35 days of sowing at flower bud initiation stage. Three irrigations were given to the crop at rosette, 50% flowering and pod filling stage. Under protected condition plant protection measures were adopted to protect the crop from aphid damage by spraying endosulfan at 1.5 ml/litre. Ten plants were randomly selected to record observations on yield attributes, whereas the yield was recorded from net plot and finally computed in kg per hectare. A total of 8.6, 5.0 and 265.5 mm rainfall were received during the cropping season of 1995-96, 1996-97 and 1997-98, respectively. The relationship between seed yield and aphid population with delay in sowing in days was examined through regression analysis in linear model. All the data were tabulated and analysed statistically as per the procedure suggested by Chandel [6] and Panse and Sukhatme [11] . The 'F' (Fisher's) test was used for judging the significance of the treatment mean at 5 per cent probability level. Whenever 'F' test showed significant difference, the differences between treatment means were further tested using critical difference (CD) values. To compare different mean value of treatments, critical difference (CD) values were calculated as follow:
SEm ± = √ Ems/n Where SEm ± = Standard Error of mean Ems = Error mean square n = number of observations on which the mean value is based (ii) CD (P=0.05) = SEm x 't' (at 5%) for Error degree of freedom A Ap ph hi id d c co ou un nt t
Observations on insect pests along with natural enemies were recorded on randomly selected 5 plants/plot at weekly interval. At the vegetative stage of the crop, aphid (Lipaphis erysimi Kalt.) population was recorded on three leaves (upper, middle and lower) and at flowering, pod filling and maturity stages of the crop, it was observed on 4 twigs of 10 cm/plant including central shoot on 5 plants/plot. All 20 twigs/plot were observed to record the aphid population at these crop stages. The extent of leaf damage by flea beetle (Phyllotreta cruciferae Goeze) and the sawfly (Athalia lugensproxima Klug) larvae were assessed in terms of percentage leaf area damaged by foliage feeders. Coccinellid predators (Menochilus sexmaculatus Fabr. and Coccinella septempunctata Linn.) were also observed on whole plant basis.
W We ea at th he er r
The daily weather parameters viz maximum and minimum temperature, morning and evening relative humidity and rainfall that have distinct influence in the multiplication of aphid population were collected and the weekly pattern of these parameters were illustrated through Figure 2 . The steps down regression equations between aphid populations with different weather parameters were also worked out to predict the influence of rainfall, temperature and humidity on aphid multiplication using Statistical Software SPAR 1.
R Re es su ul lt ts s a an nd d d di is sc cu us ss si io on n C Cr ro op p p ph he en no ol lo og gy y
The days taken for different physiological events as influenced by different thermal environments are presented in Table 1 . It was obvious from the data that the duration for emergence and 50% flowering was delayed due to delay in sowing from 08 November to 18 December. The days taken for emergence delayed by 2 days while the days taken for 50% flowering was extended by 5 days. The prolonged duration for emergence and 50% flowering under delayed sowing was mainly attributed due to lower temperature during the germination and vegetative phase of the crop. After the 50% flowering it was observed that the duration for start and end of seed filling was shortened by 3 and 13 days respectively in 18 December sowing as compared to 08 November sowing. Finally the duration for physiological maturity was shortened by 17 days and causes forced maturity due to higher temperature at the time of grain filling. The increase in duration of vegetative phase and decrease in reproductive and maturity phase as observed in the APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 2( Y Yi ie el ld d a at tt tr ri ib bu ut te es s a an nd d y yi ie el ld d The data presented in Table 2 revealed that the yield attributes were significantly influenced due to different thermal environments. Significantly higher values of yield attributes i.e. plant height, branches/plant, siliquae/plant, seeds/siliqua and test weight were recorded with earlier sowing on 08 November as compared to sowing on 18 and 28 November and 08 and 18 December. All these parameters were drastically reduced as the sowing was delayed from 08 November to 18 November onwards. Sharma et al. [17] also reported decline in yield attributing characters when sowing was done after 25 October under the agroclimatic conditions of Gwalior in Central India. Whereas, Chandrakar and Urkurkar [7] reported significant decrease in yield attributes when the crop was sown after 23 November under Raipur conditions. Reddy and Kumar [13] , Singh et al. [23] and Singh and Singh [24] also reported the similar results. Figure 3) . The rate of decrease in grain yield was 37.1 kg/ha for every one-day delay in sowing in 1995-96. On the other hand the rate of decrease in grain yield was found to be 28.66 and 22.20 kg/ha/day in 1996-97 and 1997-98 with R 2 values of 0.83 and 0.77 respectively. Oil content in seed did not influence much during first year of study. But, significantly higher oil content was recorded with 08 November sowing as compared to 28 November and 08 or 18 December sowing. However, it was on par with sowing of crop on 18 November. Higher oil content in early sown crop may be due to favourable prolonged environmental conditions for better growth and development of the crop, which enhanced the oil content. These results are in agreement with the findings of Kurmi and Kalita [9] , Sarmah (16), Sharma et al. [17] and Singh and Singh [24] .
A Av vo oi id da ab bl le e l lo os ss se es s i in n y yi ie el ld d
The seed yield production was drastically reduced under unprotected condition as compared to protected condition in all the thermal environments (Table 3) . Highest seed yield was obtained from earliest sowing on 8 November under protected condition. Seed yield of 1591, 1475 and 1161 kg/ha was recorded with 08 November sowing during 1995-96, 1996-97 and 1997-98, respectively ( Table 3 ). The seed yield decreased considerably in 18 and 28 November and 08 and 18 December sown crop. Higher seed yield in early sowing was due to higher number of siliquae/plant, seed/siliqua and 1000 seed weight. It was significantly higher over all other treatments. During all the three years of study the seed yield was lowest in unprotected condition. The yield loss varied from 76.0 to 92.7 % in 1995-96, 81.5 to 100.0 % in 1996-97 and 84.4 to 100.0 % in 1997-98. Thus, it was observed that there was 100 per cent yield loss of mustard without proper and timely plant protection under delayed sowing on 18 December as the crop could not sustain the infestation and failed to survive. On an average there was 80.0 to 97.6 percent yield loss without plant protection. Singh and Sachan [21] also reported the avoidable losses due to mustard aphid up to 69.6 per cent. Similarly Bakhetia [1] observed 57.8 to 80.6 per cent yield loss due to mustard aphid and Suri et al. [26] observed 42.1 per cent yield loss under different agroclimatic conditions. Jadhav and Singh [8] also reported the similar results. The additional yield from protected plot as compared to unprotected plot ranges from 1209 to 192, 1202 to 215 and 980 to 175 kg/ha in 1995-96, 1996-97 and 1997-98 respectively under different thermal environments. P Po op pu ul la at ti io on n d dy yn na am mi ic cs s o of f a ap ph hi id ds s a an nd d p pr re ed da at to or rs s
The data on population dynamics of mustard aphid (Lipaphis erysimi) as given in Table 4 revealed that there was significant variation in aphid population under different thermal environments. The minimum number of aphids was recorded when the crop was sown on 08 November and gradually increased as the sowing was delayed. There was not much difference in aphid population with the crop sown in the month of November, (Figure 3 ). The population of flea beetle (Phyllotreta cruciferae) was observed to be lowest in delayed sowing on 18 December in all the years of experimentation. However, the activity of flea beetles was fluctuating in different thermal environments in the first two years. During 1995-96 the highest flea beetle population was observed in 08 December sown crop while in 1996-97 it was highest in 28 November sowing. In 1997-98 the highest flea beetle population was recorded in early sowing on 08 November and gradually decreased as the sowing was delayed. The percent leaf damage due to this foliage feeder ranged from 22.0 to 45%, 11.0 to 21.3% and 14.3 to 24.2% in 1995-96, 1996-97 and 1997-98, respectively.
The natural enemies observed during the cropping seasons were Menochilus sexmaculatus and Coccinella septempunctata as predominant aphid predators. The population of these predators was recorded to be low in crop sown on 08 and 18 November, and increased gradually in delayed sowing. Maximum predator population was observed in 18 December sowing. This shows that the predator population increased proportionately with the aphid population.
R Re eg gr re es ss si io on n a an na al ly ys si is s
The influence of rainfall, temperature and relative humidity on aphid population during 1997-98 was worked out through step down regression analysis.
From the step down regression analysis it was observed that the combined effect of these weather parameters had the least influence on aphid population in early sown crop on 08 November as the R 2 value was only 0.463. But, when the sowing was delayed the combined influence of this these parameters increased with R 2 value of 0.499, 0.739, 0.966 and 0.962 in 18, 28 November, 08 and 18 December sowing respectively (Table 5) . It was observed that in early sown crop the prevailing weather conditions are not favourable for aphid multiplication, but weather conditions become favourable under delayed sowing. In 08 November the combined effect of these parameters increased with R 2 value of 0.739 and when rainfall, maximum temperature and morning relative humidity were deleted the R 2 value comes down to 0.707. This shows that these parameters have only 0.032 per cent influence on aphid multiplication. Whereas in case of 08 and 18 December sowing the value of coefficient of determination with all these parameters were 0.966 and 0.962 respectively. When the rainfall, morning and evening relative humidity were deleted the R 2 value comes down to 0.961 and 0.934 respectively. This indicates that in 08 and 18 December sowing the maximum and minimum temperature has greater influence on aphid multiplication and that the temperature alone (maximum and minimum) has more than 93% influences on aphid multiplication under late sown condition. Thus, low night temperatures are not favourable for aphid growth. The value of coefficient of determination was 0.934 when maximum and minimum temperature was considered in 18 December sowing. The next important factor besides temperature was the evening relative humidity in influencing the growth of aphids. The present find-ings are in complete agreement with that of Bishnoi [3] , Roy and Kanchan [14] and Shrivastava et al. [19] .
From the above findings it was concluded that to avoid the peak aphid population sowing of mustard should be completed before 08 November i.e. first week of November for higher yield under rice based cropping system in Chhattisgarh state in eastern central India.
